Abstract Idiotype (Id) protein in combination with GM-CSF has been used as vaccines for immunotherapy of patients with myeloma and B-cell tumors and the results have been disappointing. To search for better immune adjuvants to improve the efficacy of Id-based immunotherapy in myeloma, we evaluated and compared the efficacy of vaccination of Id protein in combination with CpG or IFN-a, or GM-CSF as a control, in the 5TGM1 myeloma mouse model. Our results showed that Id vaccine combined with CpG or IFN-a, but not GM-CSF, not only efficiently protected mice from developing myeloma but also eradicated established myeloma. The therapeutic responses were associated with an induction of strong humoral immune responses including anti-Id antibodies, and cellular immune responses including Id-and myelomaspecific CD8
Introduction
Multiple myeloma (MM) is a B-cell malignancy, characterized by an accumulation of malignant plasma cells within the bone marrow. Myeloma cells secrete, in most cases, a monoclonal immunoglobulin (M-protein or idiotype protein; Id) and induce skeletal destruction and hypercalcemia. Despite the progress in therapy of the disease, MM still remains an incurable malignancy in most of the patients [1, 2] . Therefore, there is a great need for new treatments to stabilize or eradicate minimal residual tumors achieved after high-dose chemotherapy supported by autologous stem-cell transplantation [3] .
Idiotype protein is a tumor-specific antigen because of the unique antigenic structure in its variable regions. Id-based immunotherapy has been explored in patients with MM and other B-cell tumors for inducing or enhancing Id-specific immune responses that could control the tumor cells [4, 5] . Recent studies have shown that although Id proteins were efficient in protecting mice from subsequent tumor challenge, the antigen by itself is not enough to promote the differentiation of naïve T cells into effector cells [6] . Tumor-associated antigens, which are poorly immunogenic, elicit anergic or regulatory T cells, when administered alone without appropriate immunostimulatory molecules. Thus, immunological adjuvant is one of the important strategies to enhance the desired immune responses to weak antigens. It will be particularly important for therapeutic vaccines targeting tumor antigens, where adjuvants are necessary to overcome various tolerance mechanisms, elicit activation of antigen presenting cells (APCs) in the presence of tumor antigen, and facilitate induction of cytotoxic T lymphocytes (CTLs) that can directly lyse tumor cells [7] . Thus far, many investigators have examined vaccination with Id protein in combination with immunological adjuvants, such as granulocyte-monocyte colony-stimulating factor (GM-CSF), interleukin (IL)-12 and aluminum, for the treatment of patients with MM as well as other B-cell malignancies [8] [9] [10] , and results have been rather disappointing. Therefore, there is a great need to search for more potent immunological adjuvants to efficiently enhance myeloma-specific immune responses after vaccination.
In this study, we explored and compared the effects of Id protein-based immunotherapy in combination with various adjuvants, such as GM-CSF, interferon (IFN)-a, and synthetic oligodeoxnucleotides containing unmethylated CG dinucleotides (CpG), to enhance the immunogenicity of Id protein in the 5TGM1 myeloma mouse model originally derived from 5T33 myeloma cells [11, 12] . Such a study is important for selection and use of more potent adjuvants for future clinical immunotherapy studies in patients.
Materials and methods

Mice and cell lines
The C57BL/KaLwRij mice were purchased from Harlan CPB (Zeist, The Netherland) and maintained in an American Association of Laboratory Animal Care-accredited animal facility. This study was approved by the Institutional Animal Care and Use Committee of The University of Texas, MD Anderson Cancer Center. All mice were 6-8 weeks old at the beginning of each experiment. The 5TGM1 murine myeloma cell line was cultured in Iscove's modified dulbecco's media (IMDM; Invitrogen, Grand Island, NY) supplemented with 10% heat-inactivated fetal bovine serum (FBS; Thermo Scientific, Rockford, IL), 100 U/mL penicillin-streptomycin, and 2 mM L-glutamine (both from Invitrogen). The B16 melanoma cell line, originated from C57BL/6 mice, was purchased from American Type Culture Collection (ATCC; Rockville, MD) and cultured in IMDM.
Preparation of idiotype protein
The 5TGM1 myeloma cells were cultured in Hybridomaserum-free medium (Invitrogen) and mouse IgG2b Id protein, secreted by the 5TGM1 myeloma cells, was purified from cell culture supernatant using Hi-Trap Protein A affinity chromatography (GE Healthcare, Piscataway, NJ) as described previously [13] . Id protein and keyhole limpet hemocyanin (KLH; EMD Biosciences, La Jolla, CA) conjugate was made using 0.1% of glutaraldehyde (Sigma, St. Louis, MO) to enhance the immunogenicity of the Id protein as described previously [14] .
Vaccination of mice
Each experiment included four groups of mice and was repeated two times. In prophylaxis studies, mice were subcutaneously vaccinated by a weekly injection of 100 lg of Id-KLH protein vaccine for a total of three injections. Following each vaccination, GM-CSF (200 ng/day per mouse; R&D Systems, Minneapolis, MN) or IFN-a (5,000 U/day per mouse; PBL InterferonSource, Piscataway, NJ) was injected subcutaneously adjacent to the vaccination sites for three consecutive days. CpG-ODN-1826 (CpG; TCCATGACGTTCCTGACGTT; InvivoGen, San Diego, CA) was injected at dose of 50 lg/mouse mixed with Id-KLH protein vaccine. Control mice received injections of phosphate-buffered saline (PBS) mixed with Id-KLH protein vaccine. One week after the final vaccination, mice were challenged intravenously with 1 9 10 6 5TGM1 myeloma cells and tumor burden was monitored by measuring serum IgG2b Id protein. In therapeutic studies, mice were injected intravenously with 1 9 10 6 5TGM1 myeloma cells. Ten days later when myeloma growth is established, mice were treated with 100 lg of Id-KLH protein vaccine followed by injected with either GM-CSF, IFN-a, or CpG as described previously.
Detection of IgG2b Id protein and anti-Id or anti-KLH antibodies
Enzyme-linked immunoabsorbent assay (ELISA) was used to measure titers of anti-Id and anti-KLH antibodies, as described previously [14] . When detecting anti-Id antibodies, horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG (Southern Biotech, Birmingham, AL) was pre-absorbed against Id protein to reduce unspecific binding. The same assay was also used to measure the serum IgG2b Id protein for the monitoring of tumor burden as described previously [6] .
Immunophenotyping
Fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, or allophycocyanin (APC)-conjugated monoclonal antibodies (mAbs) against CD4, CD8, and CD44 (all from eBioscience, San Diego, CA) were added to splenocytes, incubated for 30 min at 4°C, washed twice, and analyzed using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA).
Detection of cytokine production
Intracellular staining of IFN-c was performed using a Cytofix/Cytoperm kit (BD Biosciences) according to the manufacturer's instruction. Mice were subcutaneously vaccinated once every week for a total of three times with Id-KLH protein in combination with either GM-CSF, IFNa or CpG, and PBS was injected as control. One week later, spleens were harvested from the mice and mashed through a cell strainer (BD Biosciences) with a plunger of syringe to generate single splenocytes. The splenocytes were cultured with irrelevant mouse IgG2b, Id protein or irradiated (80 Gy) 5TGM1 myeloma cells for 24 h, and GolgiPlug (BD Biosciences) was added for the final 6 h before staining to inhibit cytokine secretion. T cells were stained with FITC-conjugated anti-CD8 or CD4 mAbs, followed by fixation and permeabilization, stained with APC-conjugated anti-IFN-c mAbs (eBiosciences), and after washing, analyzed using a FACSCalibur flow cytometer.
In some experiments, ELISA was used to measure secreted cytokine of IFN-c from T cells. Splenocytes were restimulated for 5 days with irradiated 5TGM1 myeloma cells. Supernatants were collected and the amounts of cytokines were quantified using commercially available ELISA kits (eBioscience) according to the manufacturer's instruction. All assays were performed in duplicate.
Antigen-specific T cell proliferation assay Splenocytes were pre-labeled with 5 lM of 5(6)-carboxyfluorescein diacetate succinimidyl ester (CFSE; Invitrogen) for 10 min at 37°C. After washing, labeled cells were seeded and restimulated with irrelevant mouse IgG2b, Id protein or irradiated 5TGM1 myeloma cells for 5 days. After that, the cells were incubated with PE-conjugated anti-CD8 or CD4 mAbs for 30 min, washed, and flow cytometric analysis was used to detect dilution of CFSE.
Cytotoxicity assay
The standard 51 Cr-release assay was performed to measure the cytotoxicity of the T cells against 5TGM1 myeloma cells [15] . As no myeloma cell lines from C57BL mice are available, B16 melanoma cells were used as control target cells. Target cells were labeled with 50 lCi of 51 Cr-sodium chromate (PerkinElmer, Waltham, MA) for 1 h and incubated with various numbers of T cells in 96-well U-bottom tissue culture plates in RPMI-1640 complete medium. After 4 h, 50% of the supernatants were collected, and radioactivity was measured by a gamma-counter. All assays were performed in triplicate. Results are shown as mean percentage 51 Cr-release calculated as follows:
sample counts À spontaneous counts ð Þ = ½ maximum counts À spontaneous counts ð Þ Â 100
In some experiments, dendritic cells (DCs) were generated from murine bone marrow stem cells as described previously [16] . At day 8, immature DCs were pulsed with Id protein at a concentration of 50 lg/mL, followed by addition of tumor necrosis factor-a (TNF-a; 10 ng/mL) and IL-1b (10 ng/mL; both from R&D Systems) for 48 h to induce DC maturation. Mature DCs were collected and used as target cells. Unpulsed DCs were used as control target cells.
Statistical analysis
Student's t test was used to compare various experimental groups. P \ 0.05 was considered statistically significant. Survival was evaluated from the day of tumor injection until death, and Kaplan-Meier test used to compare mouse survival between the groups. All data are shown as mean and SD.
Results
Idiotype protein vaccine in combination with CpG or IFN-a but not GM-CSF protects mice from developing myeloma
In the prophylactic study, as shown in Fig. 1a , mice were subcutaneously vaccinated by a weekly injection of 100 lg Id-KLH protein in combination with either GM-CSF, IFN-a, or CpG for a total of three injections. Control mice were received injection of PBS. One week after the final vaccination, 1 9 10 6 5TGM1 myeloma cells were challenged intravenously, and tumor burden was monitored by measuring circulating IgG2b Id protein. Mice were humanely sacrificed when moribund or hind-leg paralysis developed. As shown in Fig. 1b , Id-KLH protein vaccines in combination with the adjuvants had some protective effects; one out of five mice receiving GM-CSF (P \ 0.05, compared with mice receiving PBS), three out of five mice receiving IFN-a (P \ 0.01), and all mice receiving CpG (P \ 0.01) displayed no increase in serum IgG2b Id protein and showed To elucidate the immunological mechanisms underlying these phenomena, we first examined vaccine-induced humoral immune responses. Serum samples were collected from mice after the third vaccination, and titers of anti-Id and anti-KLH antibodies were measured by ELISA. Id-KLH protein vaccine in combination with CpG, IFN-a and GM-CSF induced significantly higher titers of anti-Id (Fig. 3a) and anti-KLH (Fig. 3b) antibodies than PBS controls in treated tumor-free mice (P \ 0.01, compared with mice receiving PBS). Mice receiving CpG had significantly higher titers of anti-Id antibodies than those receiving GM-CSF (P \ 0.01) or IFN-a (P \ 0.05), while the difference between mice receiving GM-CSF and IFN-a was no statistically significant. In tumor-bearing mice (Fig. 3c) , Id protein vaccine in combination with the adjuvants also induced significantly higher titers of anti-Id antibodies than PBS control (P \ 0.01), and mice receiving CpG had significantly higher titers of anti-Id antibodies than those receiving either GM-CSF (P \ 0.01) or IFN-a (P \ 0.01). However, compared with tumor-free mice, the titers of anti-Id antibodies in tumor-bearing mice were generally lower, while the titers of anti-KLH antibodies (Fig. 3d) were comparable to those found in tumor-free mice. These results suggest a role for the humoral immune responses in protecting mice from developing myeloma induced by the Id protein vaccine in combination with the adjuvants. Moreover, the lower titers of anti-Id antibodies in tumor-bearing than tumor-free mice may be the result of binding and neutralizing of the antibodies by the large amounts of circulating IgG2b Id protein, rather than the inability of the mice to mount humoral immune responses against the antigens. Fig. 4b , intracellular cytokine staining showed that Id-KLH protein vaccine in combination with either IFN-a (P \ 0.05, compared with PBS control) or CpG (P \ 0.01; compared with PBS control), but not GM-CSF, induced increased percentages of IFN-c-expressing CD8
Idiotype protein vaccine in combination with
? T cells in response to Id protein or 5TGM1 myeloma cells, whereas IFNc-expressing CD4
? T cells slightly increased in response to Id protein or 5TGM1 myeloma cells (Fig. 4a) . In contrast, IFN-c-expressing CD4
? or CD8 ? T cells did not increase in response to irrelevant mouse IgG2b. In addition, the numbers of Id-stimulated, IFN-c-secreting CD8
? T cells in mice receiving IFN-a (P \ 0.05) or CpG (P \ 0.01) were significantly higher than mice treated with GM-CSF. The percentages of IFN-c-expressing CD4
? (Fig. 4c ) and CD8
? T cells (Fig. 4d) were summarized from three independent experiments. Similar results were obtained with ELISA assay measuring the secretion of IFN-c of splenocytes in response to 5TGM1 myeloma cells from the 4 different groups of mice (Fig. 4e) . Flow cytometric analysis showed that both CD4
? and CD8 ? (CD44 high ) memory T cells were increased in mice receiving Id-KLH protein vaccine in combination with either GM-CSF, IFNa, or CpG (Fig. 4f) . Moreover, CpG induced significantly higher percentages of CD44 high memory T cells than GM-CSF or IFN-a (P \ 0.05). Quantitative expression of these molecules was summarized from three independent experiments in Fig. 4g . These findings demonstrate that Id protein vaccine in combination with either IFN-a or CpG not only induced predominantly tumor-specific IFN-c CD8
? T-cell responses but also generated CD4 ? or CD8
? memory T cells. To examine the functional properties of T cells in mice receiving Id protein vaccine in combination with the adjuvants, we examined T-cell proliferative responses induced in response to Id protein or irradiated 5TGM1 myeloma cells by using CFSE dilution assay. Splenocytes from mice receiving Id-KLH protein vaccine in combination with adjuvants were collected, labeled with 5 lM CFSE, and restimulated in vitro with Id protein, irradiated 5TGM1 myeloma cells, or irrelevant mouse IgG2b as control, for 5 days. An Id-specific CD4
? (Fig. 5a ) or CD8
?
T-cell proliferative response (Fig. 5b) was induced in mice receiving Id-KLH protein vaccine in combination with either IFN-a (P \ 0.01), CpG (P \ 0.01), or GM-CSF (P \ 0.05), as compared with PBS controls. Moreover, the T-cell responses in mice receiving IFN-a or CpG were significantly stronger than that induced by GM-CSF (P \ 0.05). Similar results were also obtained in T cells in response to 5TGM1 myeloma cells. In contrast, CD4 ? or CD8
? T-cell proliferative response was not induced in response to irrelevant mouse IgG2b. Cultures of CD4
? or CD8
? T cells from mice receiving Id-KLH protein vaccine in combination with either IFN-a or CpG resulted in high percentages of proliferating T cells cultured with irradiated 5TGM1 myeloma cells. The percentages of proliferating CD4
? (Fig. 5c ) and CD8 ? T cells (Fig. 5d) were summarized from three independent experiments. These results confirm that Id-and tumor-specific CD4
? or CD8 ? T cells were generated in mice receiving Id protein vaccine in combination with adjuvants, especially IFN-a or CpG.
To evaluate the induction of tumor-specific CTL responses in these vaccinated mice, the standard 51 Crrelease assay was used. Splenocytes from mice receiving Id-KLH protein vaccine in combination with adjuvants were restimulated with irradiated 5TGM1 myeloma cells for 7 days and subjected to analysis. T cells from mice receiving Id-KLH protein vaccine in combination with IFN-a (P \ 0.01), CpG (P \ 0.01), or GM-CSF (P \ 0.05) efficiently and specifically lysed 5TGM1 myeloma cells (Fig. 5e ) and DCs pulsed with Id protein (Fig. 5f ) as compared with PBS control, although the T cells in mice receiving IFN-a or CpG displayed stronger cytotoxic activity compared with that from mice receiving GM-CSF (P \ 0.05). No killing was observed against B16 melanoma cells (Fig. 5g ) and unpulsed DCs (Fig. 5h) . These results indicate that the Id protein vaccine in combination with either IFN-a or CpG was able to induce therapeutic myeloma-specific CTL responses in vivo.
Idiotype protein vaccine in combination with IFN-a or CpG protected surviving mice from tumor rechallenge To examine whether the vaccine and adjuvant promotes an induction of tumor-specific immunity, mice that survived without tumor burden in the prophylactic and therapeutic experiments were rechallenged with the 5TGM1 myeloma cells 4 months after the first tumor inoculation. As controls, naïve mice were also injected with the tumor cells. As shown in Fig. 6a , all naïve mice developed myeloma, whereas all four mice receiving vaccine and IFN-a (P \ 0.01, compared with naïve mice) and six out of eight mice receiving vaccine and CpG (P \ 0.01, compared with naïve mice) displayed no increase in serum IgG2b Id protein and showed no sign of myeloma growth. Mouse Representative results from one of two independent experiments are shown. **P \ 0.01, compared with PBS control survival data are shown in Fig. 6b ; all naïve mice died within 50 days from tumor injection, whereas 100 and 70% of mice receiving IFN-a and CpG, respectively, survived without detectable tumor burden after tumor rechallenge.
These results demonstrate that Id protein vaccine in combination with IFN-a or CpG induced myeloma-specific memory immune responses, which efficiently protected mice from tumor rechallenge. ? or CD8 ? from three different experiments are shown. Representative results from one of three independent experiments are shown. The error bars represent SD of three independent experiments. *P \ 0.05;**P \ 0.01, compared with PBS control myeloma cells for 7 days. In these studies, tumor-free mice (3 per group) were vaccinated with three subcutaneous injections of Id-KLH protein vaccine in combination with PBS, GM-CSF, IFN-a or CpG. Splenocytes were isolated, pooled, pre-labeled with 5 lM CFSE, restimulated with irrelevant mouse IgG2b, Id protein or irradiated 5TGM1 cells for 5 days, and measured for CSFE dilution, or splenocytes were isolated, pooled, and restimulated with irradiated 5TGM1 myeloma cells for 7 days, and the percentage of cytotoxicity was measured by 51 Cr-release assay. Representative results from one of three experiments are shown. The error bars represent SD of three independent experiments. *P \ 0.05; **P \ 0.01, compared with PBS control
Discussion
Idiotype protein, secreted by myeloma cells, has been the main target for immunotherapy in B-cell malignancies including MM, as it is the best-defined tumor-specific antigen. Unfortunately, the Id protein by itself is too weak to promote myeloma-specific immune responses in vivo. Id protein vaccines in combination with local injections of immunomodulatory molecules, especially GM-CSF, have been used as vaccines for active immunotherapy against MM and other B-cell malignancies. Although GM-CSF has previously been shown to be able to induce potent immunological and clinical responses in both preclinical and clinical studies [9, 14, [17] [18] [19] , it is not enough to maintain the tumor-specific responses with large amounts of tumor burden. Thus, there is a great need for new and more potent adjuvants to enhance the immunogenicity of Id protein vaccines.
In this study we have chosen and used IFN-a and CpG as adjuvants to promote, accelerate, and prolong tumorspecific immune responses in combination with Id protein vaccine. IFN-a, produced primarily by plasmacytoid dendritic cells (pDCs), is a powerful polyclonal B-cell activator that induces a strong primary humoral immune responses and stimulate DC maturation by increasing the expression of costimulatory molecules including CD40, CD80, and CD86 and MHC antigens [20, 21] . Moreover, IFN-a not only acts directly on memory T cells to enhance their survival and indirectly through stimulation of IL-15 production by APCs that contributes to the survival of memory T cells, but also plays a role indirectly on proliferation and survival of CD4
? or CD8 ? T cells through enhancing antigen presentation, costimulation and crosspriming [22] [23] [24] [25] . Therefore, IFN-a has been used as a single agent as well as the immunological adjuvant in combination with vaccines for immunotherapy of cancers, such as leukemia, B-cell lymphoma, and melanoma [26] [27] [28] [29] . Furthermore, IFN-a has been used in the maintenance treatment of MM [30, 31] . Thus, there is a good rationale for using IFN-a as an immunoadjuvant for Id-based vaccine in MM.
Synthetic oligodeoxynucleotides expressing CpG motifs, similar to those found in bacterial DNA, stimulate the immune responses. CpG can act as vaccine adjuvants by improving APC function, inducing cytokines/chemokines in microenvironment supportive of antigen-specific immunity and promoting the induction of antigen-specific adoptive immune responses [32, 33] . Indeed, activation of B cells and pDCs by CpG initiates an immunostimulatory cascade that culminates in the maturation, differentiation, and proliferation of natural killer (NK) cells, T cells, and monocytes/macrophages [34] [35] [36] . Therefore, CpG also has been used as an immunological adjuvant for promoting the immunogenicity of co-administered antigens in cancer immunotherapy [37] [38] [39] [40] .
In this study, we evaluated the capacity of Id protein vaccine in combination with either IFN-a or CpG to prevent and treat myeloma in the 5TGM1 myeloma murine model, which manifests similarly to human myeloma, including monoclonal gammopathy, marrow replacement, osteolytic bone lesions, and hypercalcemia [41, 42] . Our results clearly showed that Id-KLH protein vaccine in combination with either IFN-a or CpG, but not GM-CSF, efficiently protected mice against developing myeloma and protected surviving mice from tumor rechallenge, and retarded tumor growth and induced tumor regression against established tumor. In prophylactic and therapeutic experiments of Id vaccination, 100 and 80%, respectively, of mice receiving CpG as adjuvant survived of myeloma, 60 and 20%, respectively, of mice receiving IFN-a survived of myeloma, while only 20 and 0%, respectively, of mice receiving GM-CSF survived of myeloma without increase tumor burden. These results clearly showed that the adjuvants, especially CpG, are much better than GM-CSF for Id-based vaccines in myeloma. Our mechanistic studies showed that CpG induced a significantly stronger 6 5TGM1 myeloma cells and followed for tumor burden and survival. Naïve mice (n = 5) served as the control and were injected with the same number of 5TGM1 cells. **P \ 0.01 anti-myeloma immunity than IFN-a and GM-CSF. NK cells, T cells, and monocyte/marcrophage, which are stimulated by CpG, may secrete numerous cytokines and chemokines, such as IL-1, IL-6, IL-18, and TNF-a, that creates a pro-inflammatory microenvironment favoring the induction of tumor-specific Th1 and CTL responses [43, 44] . Therefore, it is possible that these various cytokines, chemokines, and immune cell subsets resulted in a synergistic anti-myeloma response.
We also demonstrated that Id protein vaccine in combination with the adjuvants induced significantly high titers of Id-and KLH-specific antibodies than vaccine alone, and CpG was more potent at inducing specific antibody responses in vivo than other adjuvants. We noticed that the titers of anti-Id antibodies were lower in tumor-bearing mice as compared with vaccinated tumor-free mice. This phenomenon can be explained by the presence of large amount of circulating Id proteins in tumor-bearing mice that likely neutralize the antibodies. Therefore, the role of anti-Id antibodies in controlling myeloma growth in vivo is unclear. Nevertheless, the fact that we can still detect free anti-Id antibodies in tumor-bearing mice suggest that these Id-specific antibodies may play a role in mediating the killing of myeloma cells in vivo directly or indirectly with the help of killer cells and/or complements in this murine model. This notion is supported by our previous finding that anti-Id antibodies can bind with the myeloma cells [6] . Moreover, we showed that the efficacy of Id protein vaccine in combination with either CpG or IFN-a to eradicate established myeloma was associated with an induction and expansion of potent tumor-specific CD8
? T-cell responses, increasing capacity of tumor-specific CD8
? CTLs to lyse myeloma cells, and generation of CD4
? and CD8 ? memory T cells. In conclusion, our study shows that Id protein vaccine in combination with CpG or IFN-a efficiently protected mice and eradicated tumor in the myeloma murine model. The therapeutic immunity against myeloma induced by the vaccines was associated with an induction of humoral immune response such as Id-specific antibodies, and cellular immune responses including myeloma-specific CTLs and Th1 cells. In addition, the vaccines induced specific immune memory responses that were able to protect surviving mice from tumor rechallenge. Thus, this study clearly shows that newer adjuvants such as CpG or IFN-a are much better than GM-CSF for Id-based immunotherapy in MM and this information is important for improving the efficacy of Id-based immunotherapy for patients with MM and possibly other B-cell tumors.
